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(54) Title: A TRACTOR FOR ADVANCING PROCESSING AND MEASURING EQUIPMENT IN A BOREHOLE 




(57) Abstract 

A hydraulically driven tractor (4) serves to advance processing and/or measuring equipment (5) in subterranean formation 
(1). The tractor (4) comprises a section (12) which is filled with hydraulic oil and contains a hydraulic pump (16) for the hydraulic 
system (17) of the tractor, an electric motor (19) for operating the pump (16) and a battery (20) for energizing the motor (19). The 
motor (19) is an open AC motor, and a converter (28) for converting the DC current from the battery to AC current is inserted 
between the motor and the battery (20). The battery (20) and the converter (28) are incorporated in an air-filled pressure container 
(31). The tractor is suitable for working under the extremely high temperatures and pressures which prevail in a deep borehole. 
Considerable economic and time benefits are obtained by using the tractor instead of a drill string for advancing the measuring 
tools in the borehole. 
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A tractor for advancing processing and measuring equipment 
in a borehole 



The invention concerns a hydraulically driven tractor for 
5 advancing processing and/or measuring equipment in a pre- 
drilled hole in a subterranean formation, comprising a 
section filled with hydraulic oil and containing a 
hydraulic pump for the hydraulic system of the tractor, 
an electric motor for operating the pump and a battery for 
10 energizing the motor. 

Boreholes for exploitation of oil and gas frequently 
extend many kilometers into the underground to reach and 
penetrate the oil and gas bearing strata. Information for 

15 the planning and control of the production must be ob- 
tained from these not very accessible regions deep below 
the surface where extremely high temperatures and pres- 
sures prevail. This information is i.a. to tell about the 
type of the formation, its porosity and permeability as 

20 well as content of oil, gas and water, and also various 

tasks may have to be performed, such as perforation of an 
existing casing and operation of valves in it. 

With this end in view an abundant range of equipment has 
25 been developed in the course of time in the form of 

measuring tools and instruments, which are capable of 
resisting the high temperatures and pressures in a deep 
borehole, and which moreover have a configuration such 
that they can pass through it. Generally, a plurality of 
30 interconnected tools having a rather considerable overall 

length of frequently about 20 to 30 meters and a weight of 
e.g. 1500 kg are simultaneously passed down into the 
borehole. Equipment of this type can readily be lowered in 
a wire line solely under the action of gravity, when the 
35 borehole extends vertically or with a minor inclination 
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with respect to the vertical, but in case of greater 
inclinations above about 60" the equipment settles on the 
bottom of the borehole. This situation occurs frequently 
since many of the interesting strikes are present 
precisely in the more or less horizontally extending 
strata in the underground. 

A known method of solving this problem comprises the use 
of a thin-walled steel pipe wound on a drum and pressur- 
ized to obtain a sufficiently great stiffness. By succes- 
sively unwinding this steel pipe from the drum and sub- 
jecting it to a pressure force equipment of the above- 
mentioned type can be pushed a distance of between 500 and 
900 meters into a horizontal borehole. 



However, with the advanced technology used today the 
boreholes are very frequently drilled with a considerably 
greater length, in these cases it is common to use the 
actual drill string for advancing the equipment in the 
borehole. The equipment is then threaded on to the end of 
the drill pipes, following which the drill string is 
assembled. The electric wires, which connect the instru- 
ments with the station on the surface, extend on the outer 
side of the drill string and are run into the various 
25 instruments via inserted intermediate pipes in the drill 
string. The equipment can be moved relatively far into a 
horizontal borehole by means of this method, but on the 
other hand the process is cumbersome and slow. With a 
borehole having an overall length of 5000 meters, of which 
30 half extends with an inclination of above 60° with respect 
to the vertical, the time spent will thus typically be 
about 24 hours. 

A natural solution might comprise using a self-propelling 
35 tractor of the type which is described in the Applicant's 
international patent application PCT/DK89/00213, for pull- 
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ing or pushing the measuring equipment through the 
borehole. This tractor is intended to exert the necessary 
pressure on a drill bit while pulling the drill string 
after it in the drilled hole, and it thus has a consider- 
5 able traction force. The wheels of the tractor are pressed 
against the wall of the borehole and are caused to rotate 
by means of a hydraulic system having a hydraulic pump, 
which is normally driven by a mud motor when the tractor 
is used in connection with a drilling operation. If the 
10 tractor is to be used solely for advancing measuring tools 
in the borehole, no drilling mud is available for driving 
a mud motor, and instead this may expediently be replaced 
by an electric motor. 

15 The power supply for such an electric motor may e.g. be 
obtained from the surface via a cable which, however, is 
usually not capable of transferring a power greater than 
about 500 watts, partly because the cable is wound on a 
drum, partly because it offers great resistence owing to 

20 its length. In case of long boreholes a considerable 

voltage drop must thus be expected along the cable, so 
that an applied voltage of 600 volts at the surface may be 
reduced to 150 volts down in the borehole where the tools 
are present. To this should be added that owing to the 

25 safety of the personnel it is a requirement that only 

relatively small voltages and current intensities are 
used. 

A solution to these problems might be that the tractor 
30 brought its own power supply in the form of a battery 

which, however, cannot, or only with great difficulty, 
operate directly under the extremely servere working con- 
ditions in the borehole, and a battery supplying DC is not 
useful as a power source for an electric motor which is to 
35 be capable of working in the same difficult environment. 
The new and unique features of the invention remedying 
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these drawbacks are that the motor is an. open AC motor, 
that a converter is inserted between the motor and the 
battery for converting the DC of the battery to AC, and 
that the battery and the converter are incorporated in an 
5 air-filled pressure container. 

Furthermore, a control relay may advantageously be incor- 
porated in the pressure container to start and stop the 
motor via signals through the cable from the surface, as 
10 desired. 

The invention will be explained more fully by the follow- 
ing description of an embodiment, which just serves as an 
example, with reference to the drawing, in which 

15 

fig. 1 schematically shows a fraction of a vertical 
section through a subterranean formation with a borehole 
in which a self-propelling tractor pulls a number of 
measuring tools, 

20 

fig. 2 schematically shows the tractor of fig. 1 on an 
enlarged scale, and 

fig. 3 shows a fraction of a section for the tractor of 
25 figs. 1 and 2 with its power assembly. 

Fig. 1 shows a subterranean formation 1 with a borehole 2, 
which initially extends vertically down into the formation 
and then through a bend horizontally. A tractor 4 drives 

30 in the borehole, pulling a trail 5 of three hooked-up 

measuring tools. A tower 6 with a drum 7 is mounted on the 
surface 3 and on the borehole 2, a wireline 8, whose 
lowermost end is connected with the measuring tool trail 
5, being wound on said drum. The wireline 8 is in turn 

35 connected via an electric connection 9 with a measuring 

station, which, in this case, is in the form of a vehicle 
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containing the necessary means for recording and inter- 
preting the measurement signals received from the 
borehole . 



5 Fig. 2 is an enlarged view of the actual tractor 4 with a 
portion of the front part of the trail 5 being indicated 
in dashed lines. The tractor 4 substantially consists of a 
front traction section 11 and a rear power section 12. The 
traction section 11 may e.g. be arranged like the appara- 

10 tus described in the Applicant's previously mentioned 

international patent application PCT/DK89/00213, it being 
observed that the invention can be used in connection with 
any appartus of this type. The traction section 11 is 
self-propelling and has wheels 13 capable of running on 

15 the wall 14 of the borehole. The wheels are driven by a 
hydraulic system which likewise keeps the wheels pressed 
against the wall of the borehole, so that they can trans- 
fer the necessary traction force to it. 



20 Fig. 3 shows an enlarged section through the power section 

12 of the tractor. Outwardly this has a wall 15 and is 
filled with hydraulic oil under pressure, which may e.g. 
be 1300 bars in deep boreholes. A compensator (not shown), 
which is of a known type and will therefore not be 

25 mentioned more fully here, is provided in the power sec- 
tion to equalize the pressure with respect to the sur- 
roundings. The power section comprises a hydraulic pump 16 
inserted with hydraulic pipes 17 into the hydraulic cir- 
cuit of the traction section 11 to the wheels 13. The 

30 hydraulic pump 16 is driven via a shaft 18 by an electric 

motor 19. A battery 20 serves to energize the motor 19. 
The power section is connected with the measuring tools 
and measuring station on the surface via a wire 21 having 
the necessary electric cables 22, which are run into a 

35 cable distributor 23 and from this via other electric 

cables 24 to optional measuring tools arranged in front of 
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the tractor. The battery is connected by electric cables 
25, 26 and 27, respectively, to the electric motor 19 via 
an electric converter 28 and a control relay 29, which is 
in turn connected with the measuring station 10 on the 
surface via a control line 30, the cable distributor 23 
and the electric cables 22. 

As mentioned, the power section 12 is filled with hydrau- 
lic oil under a very high pressure, which may be up to 
1300 bars, and it will therefore not be expedient to use a 
fully encapsulated electric motor whose shaft lead-in will 
have difficulty in maintaining a tight seal against the 
huge pressure difference. The electric motor 19 is there- 
fore of an open design and interiorly completely filled 
15 with hydraulic oil. A DC motor is not suitable for working 
with the commutator thus immersed in oil, and instead an 
AC motor is used without a commutator. The DC current from 
the battery 20 is therefore converted to AC current in the 
converter 28 before being fed to the electric motor 19. 

20 

The battery 20, the converter 28 and the control relay 29 
are moreover encapsulated in an air-filled pressure con- 
tainer 31, since these electric components cannot stand 
being exposed in the hydraulic oil because of i.a. the 
25 high pressure in it. 

Just a start and stop signal is required for controlling 
the tractor, applied to the control relay 29 from the 
measuring station on the surface via the wireline 21 and 
the control line 30. Another way of controlling the trac- 
tor is to incorporate a timer (not shown) in it for start- 
ing the tractor after e.g. half an hour and stopping it 
again when a touch sensor (not shown) engages the end of 
the hole. 



30 



35 
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A tractor for an 8 1/2" borehole may typically have the 
following specifications: 





Max outside diameter 


149 mm 


5 


Nominal diameter 


140 mm 




jjeny wn 


o-4 m 




weignt max 


200 kg 




Weight incl. buoyancy max 


100 kg 




Power requirement max 


5.0 kW 


10 


Power requirement average 


1.2 kW 




Battery amount minimum 


5 kWh 




Speed constant 


1000 m/h 




Force forward max 


15 kN 




Wash outs 


280 mm 


15 


Hydrostatic pressure max 


1300 bars 




Temperature max 


150°C 




Tensile strength 


30 kN 



The above-mentioned tractor will be capable of pulling 20 
20 to 30 meters of measuring tools as well as a minimum of 

3000 of wireline having a total weigth of about 1500 kg in 
a horizontal borehole. 

To ensure undisturbed operation of the wireline drum on 
25 the surface it will expedient that the tractor drives for- 
wardly in the borehole at a constant speed, irrespective 
of the load, so that the wireline correspondingly runs in 
the hole at a constant rate over the distance in which the 
tractor is active. Normal down rate of the standard 
30 measuring tools is about 3000 m/h, and a normal retraction 
rate with the wireline is about 600 m/h. The speed of the 
tractor is expediently fixed at 1000 m/h to limit the 
power requirement. 

35 In the previously mentioned borehole having an overall 

depth of 5000 meters, of which half had an inclination of 
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above 60°, the time it took the drill string to advance 
the measuring tools was about 24 hours. Instead, using the 
tractor of the invention with the above-mentioned specifi- 
cations this time can typically be reduced to 8 hours, 
5 thus providing a time saving of about 16 hours. 
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Patent Claims: 



1. A hydraulically driven tractor for advancing process- 
5 ing and/or measuring equipment in a pre-drilled hole in a 

subterranean formation, comprising a section filled with 
hydraulic oil and containing a hydraulic pump for the 
hydraulic system of the tractor, an electric motor for 
operating said pump and a battery for energizing the 
10 motor, characterized in that the motor is an 
open AC motor, that a converter for converting the current 
to AC current is inserted between the motor and the 
battery, and that the battery and the converter are 
incorporated in an air- filled pressure container, 

15 

2. A tractor according to claim 1, character- 
ized in that the pressure container moreover incor- 
porates a control relay. 

20 



25 



30 



35 
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